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AND 
Ceci K. Drinker, M.D. 


From the Department of Physiology, Harvard School of Public Health, Boston, Mass. 


INTRODUCTION 


INCE the publication of the final 
report (1) of the 1921 Commis- 
sion on Resuscitation from Car- 

bon Monoxide Asphyxia, there has 
been an ever-increasing use of the 
method of treatment devised by 
ienderson and Haggard prior to the 
appointment of the Commission and 
‘urther developed by them as mem- 
vers of this body. The method con- 
‘ists in causing persons asphyxiated by 
carbon monoxide to breathe a mixture 
) per cent. carbon dioxide and 95 
cent. oxygen. This mixture is 


? 


tried in a portable inhalator of 


eceived for publicat ion Aug. D, 1929. 
‘vows otf the International Health 
i the Rockefeller Foundation. 


convenient type and has proved an 
entirely safe therapeutic agent to 
place in the hands of nonmedical 
rescue crews. 

It has been necessary for one of the 
authors (C. Kk. D.) to watch the use of 
this gas mixture in the treatment of 
many eases of carbon monoxide poison- 
ing, the experience including both 
mild and severe gassing. ‘There can 
be no doubt as to the efficacy of the 
method. At the same time, it seems 
possible that the original reeommenda- 
tion of 5 per cent. carbon dioxide was 
too low. At the final meeting of the 
Commission on Resuscitation, certain 
members with experience in carbon 
dioxide inhalation felt that higher 
concentrations might cause headache 
and that in the early use of a new 
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therapeutic procedure every care 
should be exercised to avoid the 


slightest untoward effect. 
No careful measurements exist 
which show the efficacy of a single 
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obtain a very pure type of asphyxia 
in relatively few minutes. Under 
these circumstances there is jj), 
shift in the acid-base equilibrium 


In 
the blood. 


The respiratory cent 


TABLE 1.—NORMAL MINUTE-VOLUME OF TWENTY-TWO YOUNG MEN yp 
INCREASED VOLUMES DUE TO BREATHING 5 PER CENT. CARBON 


DIOXIDE IN AIR 








SUBJECT HEIGHT WEIGHT AGE 








INCREASE IN qv. 
UTE-VOLUME ox 
BREATHING 5 pgp 
| CENT. CARBON 
DIOXIDE IN AIR 


AVERAGE 
MINUTE-VOLUME 





a 


———— 



































Breathing 
Breathing] Gen. 
ea ng 3 ° a] 
; ry ' Cashes Average mesg 
Dioxide 
in Air | 
cm, | hq. | y7s. liters liters | per cent. per cent, 
1P.D. | 1930 | 73.3 | 35 | 7.6 19.0 | 150.0 | 1881 
2.C.K.D.| 188.0 | 72.2 41 | 7.0 20.4 | 191.4 | 252.8 
3. W.T.G.| 187.0 | 75.0 | 22 9.9 28.3 | 185.8 | 300.0 
4.G.D.K.| 187.0 77.5 | 25 6.7 | 146 | 117.9 | 164.1 
5. W.C.S8. | 186.5 85.8 | 21 8.3 18.2 | 119.2 | 1891 
6.T.W.C. | 185.6 70.5 | 28 8.5 | 26.0 205.8 | 282.3 
7.J.R.8. | 184.0 78.1 | 24 6.25 | 22.8 264.8 | 391.2 
“oa 184.0 68.4 | 24 6.0 15.2 153.3 | 195.0 
9. G.H.S. 182.5 75.0 | 22 7.9 | 23.2 | 193.6 | 249.3 
10.F.S.D. | 181.0 | 722 | 29 9.7 | 21.8 | 124.7 | 169.0 
11. L. A. 8. 181.0 | 61.9 | 42 7.5 16.7 | 122.6 | 170.0 
2. S. M. D. 180.5 | 67.4 23 6.5 18.3 | 181.5 | 226.1 
13. S. W. is0.0 | 683 | 29 10.3 | 30.9 | 200.0 | 257.2 
14. L. R. P. 179.5 | 78.2 | 22 6.8 | 21.7 | 219.1 | 326.1 
15. W.B.P.| 1765 | 75.8 | 23 | 7.8 28.6 | 266.6 | 343.5 
16. J.K.H. | 176.5 | 75.0 | 2 | 803 | 23.5 192.6 | 246.2 
17. H. W. 174.5 | 790 | 30 | 7.2 16.0 122.2 | 190.5 
8. W.K. | 171.0 | 769 | 29 | 7.3 | 25.0 242.4 | 345.2 
19. F. S. W. 170.5 73.0 | 21 | 7.0 16.3 132.8 | 182.8 
20. J. E. 170.0 73.0 | 22 | 90 20.3 125.5 | 206.8 
21. T. H. | 170.0 60.0 | 27 | 8.0 144.9 | 86.2 152.5 
22.C.P. Y. | 168.0 59.4 | 33 | 75 | 15.9 | 


‘carbon dioxide concentration, let us 
say 5 per cent., in stimulating breath- 
ing as carbon monoxide saturation of 
the blood progresses. 

When a high concentration of car- 
bon monoxide is breathed, one may 


| 144.0 








experiences oxygen lack abruptly, and 
changes in the response to car! 

dioxide stimulation express this eile" 
without the complicating factors whit” 
In this 


latter case, carbon monoxide is inhal’ 


accompany slower poisoning. 
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, low concentration over a long time. 
There is a period of hyperpnea of 
varving length and a resulting alkalosis 
jue essentially to breathing out carbon 
jioxide. When this situation is 
ached, the patient’s breathing is at 
frst bad, not necessarily because 
oxygen want may have reduced the 
functional activity of the cells of the 
respiratory center, but because the 
normal stimulating value of carbonic 
acid within the cells of the center is 
not easily reached. A_ patient so 
affected is eminently in need of carbon 
dioxide and is best treated by giving 
earpon dioxide inhalations, but the 
immediate effect of the carbon dioxide 
will not give so great an increase of 
respiration as in the normal individual. 
Similarly, in acutely developing and 
extremely severe carbon monoxide 
anoxemia, the immediate effect of 
carbon dioxide will not be to give so 
great a respiratory response as one 
can obtain under normal conditions. 
in both acute and chronic poisoning, 
we are confronted with a situation in 
rhich the threshold of the respiratory 
center for stimulation is in effect 
mused, The natural remedy would 
to increase the earbon dioxide 
ontent of the inhalation mixture, 
vt before this was done the authors 
have felt it necessary to get a better 
uception of the stimulating value of 
nically useful earbon dioxide mix- 
ives for normal persons. 


IXPERIMENTAL StTupy 


‘he subjects were all young adult 

and women, either medical 
“enits or members of the laboratory 
‘. They inhaled the gas mixtures 
1° thorning or in the afternoon— 
Wently at both times. No effort 
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Fig. 1.—Response of six young men to 
inhalation of 5 per cent. carbon dioxide in 
air. Ordinates, minute-volume in liters; 
abscissas, time in minutes. 


was made to have the subjects in 
a basal condition. All were in 
thoroughly good health during the 
periods of observation and thus give a 
reliable indication of individual 
response to carbon dioxide inhalation. 

Gas mixtures were made from 
commercial carbon dioxide; oxygen 
was used instead of air in a few control 
experiments, but, as might be 
expected, had no effeet upon the 
result. The air plus earbon dioxide 
mixtures were contained in a counter- 
balanced 3800-liter spirometer, being 
carefully stirred to secure uniformity 
of composition and analyzed before 
each observation. 

Wide-bored vacuum cleaner tubes 
led from this spirometer to an ordinary 
rubber mouthpiece. An expiration 
valve, close to the subject’s mouth, 
allowed the exhaled mixture to pass 
out into the room air. <A second, 100- 
liter spirometer filled with room air 


was connected by a T-valve to the 
first line. On entering the laboratory 
the subject lay upon a bed for a 
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brief period; he then adjusted the from the slight but distinctive tas, ,; 
mouthpiece of the apparatus and the gas. The carbon dioxide-gi; mix. 
breathed through the tubing but not ture was breathed until the spirom, ter 
from the air containing spirometer, was practically exhausted, miny:. 
this being possible by means of a by- volumes being read through the entiy, 
passing valve near the spirometer. period. The length of the period ,; 
When the subject was entirely com- 





fortable, and without his knowledge, | | “T 
he was thrown into connection with 65}— “i 
the air containing spirometer and his (| | 
minute-volume was read until it 60|-— | 


became uniform. ‘The operator then 
shifted the breathing to the large 














a ah od 55|— oe 
spirometer containing carbon dioxide. 
The subject was almost immediately B 
conscious of the change—both as a 50}— — 
result of increased breathing and also 

| | 45 a 
40;|—_— , a 
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Fig. 2.—Effect on the same person of breathing 5 and 7 per cent. carbon dioxide. 

A. g, 4.97 per cent. carbon dioxide in air, March 13, Aa.M.; @, 5.05 per cent. °° 
dioxide in air, March 13, p.mM.; &, 5 per cent. carbon dioxide in air, March 29, 4™ 
5 per cent. carbon dioxide in air, March 29, p.m. 

B. 7.01 per cent. carbon dioxide in air, April 26, A.M. 

Vertical lines in both eurves indicate beginning of earbon dioxide inhalation. 
nates, minute-volume in liters; abseissas, time in minutes. 
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© taste of apservation depended upon the vigor by W. 8. G., No. 8, a somewhat 

~air mix. JMB of response in the individual and the taller and heavier man. It may be 
irOMetey eoncentration of carbon dioxide objected that the rather irregular | 
minute. [ME employed. minute-volumes on breathing air prior | 
he entirn 7 n Table 1 is found a brief summary to carbon dioxide indicate a lack of | 
eriod of of the results of the effect of 5 per cent. familiarity with the apparatus which | 


earbon dioxide in air on twenty-two might induce irregularity of response. 


TO subjects. There is a high degree of | 














— , | 
— #® {dividual variation which cannot be | f | | | 
| scorrelated with height, age, weight, or | 
| anit 65 4 | 
_| @B any other factor we can identify. i) 
The variation is shown even more ft | | 
vividly in Figure 1, which gives the 60;— 1 | cored | 
| entire history of six of the experiments f | | 
. ry. r 4 
included in Table 1. The most vigor- 55 —— f | wal | 
— ous response shown in Figure 1 was ; | | | 
7 ‘ - 4 ry 1 
given by S. W., No. 13 in Table 1, a B i | 
arte | | 50;-— i — 
a well-built man of medium height and 
weight; and the least intense response | 
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_1G. o.—I-ffeet on the smae person of breathing 5 and 7 per cent. carbon dioxide. 
i ra) PY } s val ve ad : a ’ n gS } 
‘9.02 per cent. carbon dioxide in air, March 15, a.m.; ©, 4.94 per cent. carbon 
“Bec aco, March 15, P.M.; &, 9.02 per cent. carbon dioxide in air, April 5, A.M.; -, 
7 vereent, carbon dioxide in air, April 5, P.M. 
i x ( 1 “en " . . . ‘ "1 ¢ _ | ° ° 
ace @,/.01 per cent. carbon dioxide in air, April29, A.M.; @, 7.01 percent. carbon dioxide 
air, April 29, p.m. | 
\ les | . 7. > 4 . ° . . e * . . . , . 2° 
Bon OF tie al lines in both curves indicate beginning of carbon dioxide inhalation. Ordi- 
N st nhute-volume in liters; abscissas, time in minutes. 
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But it will be seen that the two 
minute-volumes immediately preced- 
ing carbon dioxide inhalation are 
reasonably constant, and _ careful 
perusal of all our data indicates that 
this rather vague reason for irregu- 
larity has no significance. 

Figure 2A shows the effect of 5 
per cent. carbon dioxide in air breathed 
by the same subject on different days. 
Solid lines are morning periods and 
dotted lines are afternoon observations 
on the same day. ‘The shape of all 
four curves is similar. <A fair amount 
of variation in response occurs on the 
two different days and appears both 
in the morning and in the afternoon. 
In Figure 2B, the reaction of the same 
individual to 7 cent. carbon 
dioxide in air has much the same shape 
as. that per cent. 
carbon is a quick 
contrasts 
markedly with the result shown in 
Figure 4B. The was 
made at about 10 a.m., with the inten- 
tion of repeating late in the afternoon, 


per 
obtained with 5 
dioxide. ‘There 


high response — which 


observation 
but the experience brought on imme- 


and 
made it necessary to omit the after- 


diate headache malaise which 
noon observation. 

igure 3 is from findings on a man 
who regularly. The 


curves in A show the effeet of 5 per 


reacted very 


eent. earbon dioxide. Solid lines are 


morning observations, dotted lines 
afternoon. Notice the faet that the 


variation in result between days holds 
for morning and afternoon just as in 
Figure 2A. That is to say, the setting 
of the person to respond to carbon 
dioxide varies from day to day but, 
so far as our experience has gone, 
does not change significantly on the 
day. shows the 


same Figure 3B 
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effect of 7 per cent. carbon dioxide ,, 
the same subject. Morning and afs,». 
noon observations are practica]} 
identical. 

Figure 4 shows observations Upon » 
subject who responds but slightly ;, 
© per cent. carbon dioxide and presey;, 
the same type of sluggish response + 
7 per cent. mixtures. 


























DISCUSSION 








The aspect of carbon — dioxiy 
response dealt with in this paper ha 
been considered recently by Dayies 
Brow, and Binger (2) and by Padge 
(3). The first authors employed » 
rebreathing technic and _ studied 
single subject on different days. 
Comparing their results with figures 
obtained by Peabody (4) and Scot: 
(5), they conclude that ‘“‘the respir- 
tory response to carbon dioxide in th 
inspired air shows marked variations 
in different individuals, and indeed in 
any individual on 
days.’ Padget (3) made experiments 
both by rebreathing and by a technic 
very similar to our own—that is, 
immediate breathing of carbon dioxide 
mixtures. He coneludes: ‘The reac 
tion of any one subject to the sam 
concentration of 
different times is in general constan' 
while the reactions of different ind: 
viduals vary greatly.” 

There can be no doubt about 
variation between different | 
and it seems equally certain that | 
cause of the difference resides ins0!' 
very fundamental feature ol 
organization of the individual. A 
subject such as the one whose react!” 
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earbon dioxide but he will not go out 
.{ his type—will not become a high- 
evel performer like the subject of 
rjgure 3. It would be a most interest- 
oe thing to compare two subjects of 
th types shown in Figures 3 and 4 in 
»gard to every possible respiratory 
‘setor, and to determine whether the 
simple test of carbon dioxide response 
has any reasonable utility for deter- 
mining physical efficiency. 

The fact of the large degree of 
‘ndividual variation which has been 
observed has important bearing on 
‘he treatment of carbon monoxide 
poisoning by carbon dioxide inhala- 
tion. The subjects of Figures 2 and 
3 attain a fourfold to fivefold increase 
in ventilation as a result of inhalation 
of 5 per cent. carbon dioxide, whereas 


stimulation is depressed, the subject of 
Figure 4 would gain far less from the 
treatment than would the subject of 
Figure 3. 

The response to 7 per cent. carbon 
dioxide is equally variable between 
different subjects, but gives assurance 
of vigorous stimulation in even the 
least reactive persons. Under the 
circumstances of our work, but one 
person out of twelve experienced 
headache. This was the subject of 
Figure 2B. His experience could be 
called annoying, but nothing more. 

Variations in response to a single 
concentration of carbon dioxide shown 
by the same person on different days 


a, ' | | | F ! 
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tic. 4.—Effeet on the same person of breathing 5 and7 per cent. carbon dioxide. 
A. @, 5.03 per cent. carbon dioxide in air, March 6, a.m.; @, 4.98 per cent. carbon 


I 
air, April 17, p.m. 


oxide in air, March 4, A.m.; a, 5 per cent. carbon dioxide in air, March 22, a.M.; +, 
’S per cent. carbon dioxide in air, March 22, p.m. ne Pl 
@.« percent. carbon dioxide in air, April 17, A.M.; @, 7.01 per cent. carbon dioxide in 


‘ertical lines in both curves indicate beginning of carbon dioxide inhalation. Ordi- 
“s, minute-volume in liters; abscissas, time in minutes. 


he subject of Figure 4 gains less than 
‘threefold inerease. In severe carbon 
noxide poisoning when the inhala- 
1 treatment is most needed in 
r ‘r to bring the patient oxygen and 
| the response to respiratory 


are most interesting and their cause 
is not known. Ordinarily the varia- 
tion is not great, but occasionally one 
sees surprising changes. [For example, 
one of the authors (C. Kk. D.) breath- 
ing 5 per cent. carbon dioxide obtained 
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a maximum ventilation of 25 liters a 
minute after ten minutes’ inhalation 
on February 15. On January 15 the 
same subject had reached a ventilation 
of 32 liters a minute at the end of 
five minutes, and this had slowly 
increased to 37.5 liters by the twelfth 
minute. The minute-volume preced- 
ing inhalation on February 15 aver- 
aged 7.1 liters and was very steady. 
On January 15, the normal minute- 
volume averaged 7.8 liters and was 
somewhat variable. The subject was 
in uniform good health and was 
unconscious of the difference in 
response. Our findings agree with 
Padget’s in failing to correlate the 
degree of response with the magni- 
tude of the normal minute-volume 
measured just prior to carbon dioxide 
administration. With 7 per cent. 
carbon dioxide, variations in the 
response of the same subject occur 
but are not so marked as with 5 per 
cent. The subject seems compelled 
to breathe his utmost, and this again 
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is a favorable result for the yee, 
mendation of 7 per cent. carbo 
dioxide in the oxygen-carbon dioxidk 
inhalation mixture for treatment ,; 
carbon monoxide poisoning, 


ION 


SUMMARY 


1. Healthy young adults at ps: 
experience very varied degrees 4; 
response when given inhalations 
5 and 7 per cent. carbon dioxide j, 
air. 

2. In some subjects the response ty 
5 per cent. carbon dioxide consists jy 
little more than a doubling of the 
normal minute-volume. 

3. Seven per cent. carbon dioxid 
induces the maximal  ventilatior 
obtainable without causing undu 
discomfort to normal subjects. 


4. The same subject breathing 
identical concentrations of  earbon 
dioxide responds’ differently on 


different days but does not lose his 
characteristic type of response. 
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r]IE USE OF 7 PER CENT. CARBON DIOXIDE AND 93 PER CENT. 
OXYGEN IN THE TREATMENT OF CARBON MONOXIDE 
POISONING* 


Crecit K. Drinker, M.D., anp THomas J. SHAUGHNESSY! 


From the Department of Physiology, Harvard School of Public Health, Boston, Mass. 


HE inhalation treatment of 

carbon monoxide poisoning sug- 

gested by Henderson and Hag- 
gard (1) in 1922 and widely used since 
1/923 has been in a curious medical 
position practically from the start. 
When adopted for field use by the 
Resuscitation Commission of the 
American Gas Association the method 
had ample experimental and physio- 
logie justification. The © situation 
which followed has, however, differed 
from that presented by the introduc- 
tion of other therapeutic advances in 
that the most intensive experience 
with this new form of treatment has 
rested with laymen. Physicians see 
relatively few cases of carbon monox- 
ile poisoning which are in immediate 
danger of death. A patient overcome 


] 
| j 


y carbon monoxide from leaking gas, 
irom automobile exhaust, or from 
smoke is ordinarily seen first and 


treated first by the employees of a 
public utility company, by the police, 
or by firemen. Police and fire depart- 
‘uent surgeons have opportunity to see 


certain number of such patients 


“Received for publication Oct. 4, 1929. 
“upervisor of Resuscitation and Instruc- 
1, Committee on Resuscitation and Re- 
“ed Activities, Liability Insurance Fund, 
-ousolidated Gas Company of New York 
“ud its Affiliated Gas and Electric Com- 


nies. 
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when they are critically saturated with 
carbon monoxide. The same is true 
for industrial physicians in plants 
possessing a carbon monoxide hazard. 
But taking carbon monoxide poisoning 
as a whole, the physician most often 
finds a patient who either is dead or 
has begun to lose carbon monoxide 
and emerge from real danger. If the 
inhalation treatment is in use, it is 
continued and the doctor does all in his 
power to safeguard recovery. He has 
not seen the patient when first 
brought clear of gas, with breathing 
practically gone and desperately near 
death, and he has had no opportunity 
to judge whether the inhalation has 
stimulated breathing and started re- 
covery. 

Owing, we believe, to this more or 
less inevitable separation of the medi- 
cal profession from the most acute 
aspects of carbon monoxide asphyxia, 
there has been but little critical clinica 
comment upon the procedure. Phy- 
sicians have realized the rationality 
of the treatment, have seen it work 
well in promoting the final stages of 
recovery, and have let it go forward 
unpolished by the testing and the 
comment which greet other advances 
in treatment susceptible to complete 
observation under hospital surround- 
ings. 





 o. 
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It may be contended that, as a result 
of this somewhat anomalous situation, 
practically any sort of attractive 
mechanical device could be given wide 
vogue for the treatment of asphyxia. 
That such might be the case for a 
brief period, if the appliance had medi- 
cal endorsement, is undoubtedly true. 
It must, however, be remembered 
that first aid men in the utility com- 
panies were the first to awake to the 
inadequacy of the pulmotor and bring 
about thorough medical examination 
of the appliance. The authors have 
had an unusual opportunity to realize 
the intelligence and expertness of lay 


emergency crews in dealing with 
carbon monoxide  poisoning—crews 





that for years have had at their dis- 
posal every available advance in the 
art of resuscitation. No doubt can 
exist that in the judgment of these 
men the inhalation treatment has 
constituted a signal advance in tech- 
nic. Norare we aware of reports from 
physicians, who have dealt with actual 


cases of poisoning, which indicate 
either immediate harmful effects or 


the possibility of unfortunate sequelae 
attributable to the treatment. 

There has been a certain amount of 
adverse comment during the past six 
years. ‘This is based upon theoretical 
or experimental data, not upon actual 
observations upon patients. Since our 
experience causes us to recommend 
7 per cent. instead of 5 per cent. carbon 
dioxide in the inhalation mixture, we 
believe it worth while to present this 
comment in detail, together with our 
reasons for disregarding it and urging 
the use of a higher concentration of 
‘carbon dioxide in the initial stages of 
treatment. 

Rossiter (2), physician to the Car- 
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negie Steel Company, in a Pamphle: 
printed privately and giving his own, 
perience with carbon monoxide Poison. 
ing, makes the following statements: 


In view of the above facts, Henderg,, 
and Haggard have proposed a new form , 
treatment which consists of administerip, 
Carbon Dioxide (5%) with oxygen during 
the artificial respiration. The Carbo, 
Dioxide acts as a respiratory stimulay; 
causing the respirations to become stronge; 
and deeper thus allowing full ventilation 9 
the lungs which displaces Carbon Monoxidp 
in the blood. 

Although they claim patients are p. 
suscitated much quicker by this method 
yet it must be remembered that most oj 
their experiments and experience has been 
on cases where the blood saturation was 
between 40 and 50%. No doubt the Carbon 
Dioxide does increase the rate and depth of 
the respirations but where the percentage of 
saturation has been over 50% and continued 
so, for any length of time, the heart is 
weakened by the oxygen-deprivation and 
this sudden stimulus may cause it to fail, 
Henderson, himself, states that the only 
risk in this treatment was the action on the 
heart but that this was overcome by giving 
a dose of atrophine and reducing the per 
centage of Carbon Dioxide. Dr. Rh. it 
Sayers of the Bureau of Mines and Dr. 
Nicloux of the University of Strasbourg, 
France, claim they found this method ™ 
better than the results obtained by giving 
pure oxygen. 








Sayers and Yant (3) make a mor 
explicit comment upon the sam 
matter: 


Henderson states that breathing CO.” 
mixtures produces an increase in b! 
pressure. This probably causes an incres 
of flow of blood through the lungs, “' 
would thus aid in the elimination 0! \" 
but in victims that have been gassed ov" 
comparatively long period (several hou! 
the heart might perhaps be weakene | a! 
unable to withstand the increased stimu 
tion for breathing caused by the sil 
However, if the patient is under const% 
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observation, overstimulation may be 
gvoided by temporarily stopping the use of 
the COs-O2 mixture. 


None of these conjectures as to 
circulatory danger can be supported 
by the facts as we know them today. 
Inhalation of 5 or 7 per cent. carbon 
Jioxide in a resting subject is accom- 
panied by but slight increase in blood 
pressure and volume delivery of blood 
by the heart. The situation is not at 
all analogous to that which occurs 
when carbon dioxide accumulates in 
the body during exercise. One of us 
has repeatedly watched the beneficial 
effects of the inhalation of 5 per cent. 
carbon dioxide and 95 per cent. oxygen 
in animals profoundly gassed, and has 
been impressed by the improvement in 
cardiac activity and circulatory condi- 
tion which takes place. 

[i is quite true that in advanced 
carbon monoxide poisoning the heart 
dilates (4), the eardiae output begins 
to fail, and the blood pressure falls. 
These are, however, the nonspecific 
symptoms of circulatory failure from 
lack of oxygen and from many other 
causes. If the heart has dilated con- 
siderably, it may remain so for several 
days (5), and it is this faet which 
causes the admonition to keep all 
cases of asphyxia at rest for some time 
“iter the aecident. But the knowl- 
clge that the heart is thus affected by 
sivanced carbon monoxide poisoning 

T itself a strong argument for the 

of the oxygen-carbon dioxide 
vatinent., Carbon dioxide dilates 


| 


} 


blood vessels of the heart, per- 
‘ling improvement in the oxygena- 
1 and nutrition of the organ, and to 
mod rate degree increases the flow 
viood into the heart. There is 
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al evidence for the favorable 


effect of the inhalation treatment 
on a failing circulation from several 
sources. Most noticeable is the wide- 
spread use of carbon dioxide inhala- 
tions to de-etherize patients after 
surgical operations. I. Levi (6), in 
Florence, Italy, first used this method, 
employing 5 to 20 per cent. carbon 
dioxide with oxygen, and makes a 
particular point of the favorable effects 
upon the heart. In 1920, Henderson, 
Haggard, and Coburn (7) used 6 to 10 
per cent. carbon dioxide in air and 
report excellent effeets in cases where 
the circulation was bad. 

A second line of evidence bearing 
upon the safety of the inhalation 
treatment for the heart and circulation 
comes from actual experience in the 
treatment of carbon monoxide poison- 
ing. In 1925, an inquiry of all the 
users of inhalation apparatus (300 at 
that time) brought 180 replies. While 
the greater number of these were 
returned by nonmedical men, physi- 
cians’ findings were — frequently 
reported. In no instance was word 
received of the immediate collapse of 
seriously gassed patients as the in- 
halation treatment was begun. ‘There 
are now at least 1,000 users of the 
inhalation method in this country. 
No reports of sudden death or of circu- 
latory failure with the institution of 
the treatment have appeared. The 
issue feared by Rossiter and by Sayers 
and Yant is not one of subtle medical 
distinctions. If the heart of a eriti- 
cally gassed patient were unfavorably 
affected by the inhalation treatment, 
the result would not be a matter of a 
few missed beats, of irregularity, or 
of further dilatation. It would be 
death, for such patients are frequently 


at the very edge of death when they 
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first receive treatment. And death 
would be so directly related to the 
beginning of inhalation as to cause 
immediate comment. In New York 
City we have opportunity to follow 
the successful treatment of between 
600 and 800 cases of carbon monoxide 
poisoning yearly. In about an equal 
number of cases death results, over 95 
per cent. of this number being dead 
when discovered. During four such 
years of experience we have no records 
of sudden death during inhalation, 
and it is impossible to consider that 
the precautions in the use of the 
treatment urged by Rossiter and by 
Sayers and Yant in the early days of 
the method need be regarded today. 
This assertion may be made with equal 
validity for both 5 and 7 per cent. car- 
bon dioxide in oxygen. Much higher 
concentrations of carbon dioxide than 
7 per cent. have been observed to have 
no unfavorable effect on the heart and 
circulation of animals poisoned by car- 
bon monoxide; they have been used for 
de-etherization in human beings and 
for the treatment of asphyxia in the 
newborn; and, finally, in the actual 
treatment of 300 cases of gas poisoning, 
three of morphine poisoning, and nine 
of drowning, by 7 per cent. carbon 
dioxide in 93 per cent. oxygen, no bad 
effects have been observed. 

A more interesting criticism of the 
inhalation treatment is the contention 
that carbon monoxide leaves the blood 
as rapidly when pure oxygen is inhaled 
as when oxygen-carbon dioxide mix- 
tures are employed and that, conse- 
quently, upon the grounds of both the 
greater availability of pure oxygen and 
the expense attending the use of 
oxygen-carbon dioxide mixtures, the 
latter should be discarded. 
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Sayers, in a note appended to 4 
report published by one of us (g) ;, 
December, 1925, writes as follows: 


In our experimental work on men and on 
animals we found that breathing OXY ger 
removed carbon monoxide from the }j,,; 
about four times faster than did breathin, 


air and that the carbon dioxide-oxyoy 
mixture removed it about five times faster 
than did air. However, our experierg 
with both men and animals indicates th 
the carbon dioxide-oxygen mixture gives py 
better results than does pure oxygen why 
judged by the time necessary for recoyer; 
after a given exposure to carbon monoxj/ 
and a given blood saturation and the con. 
tion of the animal or victim after treatmen: 
is about the same. The use of oxygen i: 
far more practicable in the mining industry 
than is the carbon dioxide-oxygen mixture 


Nicloux, Nerson, Stahl, and Wei! 
(9) poisoned dogs very severely ani 
rapidly with pure carbon monoxice 
and determined the rate of removal 0 
the gas from the blood when the an’ 
mals breathed (a) air, (6) air plus 5 
per cent. carbon dioxide, (c) oxygen 
and (d) 95 per cent. oxygen and 5 per 
cent. carbon dioxide. ‘They repor 
very few observations and find but 
slight difference between the efficacy 
of oxygen alone and oxygen plus car 
bon dioxide. The latter mixture Wes 
admittedly better than oxygen, but »° 
little better as to fail to commenc " 
to these French workers. ‘The pap” 
is brief and includes no observatiol 
upon the dogs except the series © 
measurements on carbon monox' 
disappearance from the blood. Thi 
experiments cannot be compared, a3 
the French authors do, with wors “ 
dogs of similar type by Hender’ 
and Haggard, since the latter inven 
gators used 8 to 10 per cent. car’ 
dioxide with oxygen. If one takes © 
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ded to, HE pyidence without comment, itisshown judged upon the criterion of carbon 
us (8) ;, not that the oxygen-carbon dioxide monoxide removal, the oxygen-carbon 
lows: mixture should be discarded but that dioxide treatment is not significantly 

‘1 the carbon dioxide concentration better than oxygen alone. The auth- 
nen andon J eq for human rescue work it is, ors also report: 

DE oxyger | | ious f ti 

S wxyeen shans, less efficacious for gettin do 

the bloog perhaps, d t of the mite b No variation was noted in the after 
breathing JE carbon monoxide a effects of the different treatments. There 
ide-oxygey dogs than has been believed. A later was no increased tendency toward paralysis 
mes faste: J paper by Nicloux (10) reviews thesame in any particular group, and it would be 
experienye experiments and advises continued impossible to tell from the after history of 
“rs that spservation of the effects of oxygen the dogs what treatment they had received. 

> £1VES no P ° ° 
ygen wher alone and of oxygen-carbon dioxide It is an unavoidable defect of experi- 
r recovery J mixtures. . ments upon animals that unfortunate 
oe | Walton, Eldridge, Allen, and Wither-  gfrects escape record. The animal 
is ra spoon (11), working at the Edgewood gannot complain of headache, per- 

-atment : . ‘ia 

peidied. Arsenal to determine whether the sistent nausea, and disability; yet 
f industry Naval Department should use OxySen these are after effects of gassing which 
1 mixture, 9 alone or the oxygen-carbon dioxide are familiar to us all. In reports upon 

_ mixture, obtained results identical experimental work on men poisoned 
nd Weil with those of Nicloux and his collab- voluntarily with carbon monoxide, 

rely = orators. ‘The experiments were upon Sayers and Yant (3) and Sayers (12) 
LONOKE dogs and utilize the disappearance of gaclare that after the use of oxygen 
moval oi carbon monoxide from the blood as the alone patients are more comfortable 

- . . i ‘ 

the ani. sole criterion of successful treatment. than if given the oxygen-carbon dioxide 

r plus 6 The dogs were divided into six groups jroatment. this being emphatically 
FUT CRON) - - ) \ - “ 7 

Oxygen, of ten each and breathed pure carbon iy je when 8 to 10 per cent. carbon 
ind 9 pet monoxide in air for an hour to an hour — gioxide was used. On the other hand, 
r report and a half—much longer than in the yyonderson and Haggard (1) report 
find but experiments of Nicloux. Walton and 44, opposite. So far as we can gather 

efficacy his associates ex : | ; 

} US iis asSsoO¢ late Ne) conclude: from numerous records received from 
ylus car ; 
Hire was |. In dogs suffering from carbon monoxid — users of inhalation apparatus, there are 

ss asphyxia the difference in elimination time po unfortunate after effects from the 
anaes “tween oxygen treated and oxygen plus 5 yse of the 5 per cent. carbon dioxide- 

menc It per cent. carbon dioxid tre subj i 
" paper slight ne SEanoe: HESRETS SENONOE oxygen mixture now employed. In- 

_ " ” ° ° ° 1A > IrpaA ic cas ( ere is 
rvations 2. Since the rate of elimination under eed, the sinlevmiaealias true, and there is 
akin. i pure oxygen is almost as rapid as with the today extensive employment of the 

vid “ygen plus 5 per cent. carbon dioxid and jnhalation treatment for mild cases 
geese : mt the oxygen treatment is more readily of gassing in order to remove the 
d. ih ‘Valable it is recommended that its use | 


ared, 25 “© continued, particularly in localities 
| Vuere transportation is difficult. 


rere 


WOrTK ! 
nderso! 7 — air plus 5 per cent. carbon dioxid 
oe ratment should be of value for rescue 
suite parties sent to inaccessible mines and es- 
carb’ ‘ally in military operations. 
akes the : Rai . 
‘ere again the final opinion is that, 





possibility of disability and lost time. 


It may be contended that the same 
result would be obtained with oxygen 
alone, had the procedure anything 
like the extensive use and observa- 
tion now accorded the oxygen-carbon 
dioxide treatment. We believe it 
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justifiable to doubt this. Oxygen 
alone does not stimulate breathing, 
cannot be breathed voluntarily for 
any length of time in the volume in 
which the oxygen-carbon dioxide mix- 
ture must involuntarily be taken. 
Furthermore, there are data of entire 
physiologic validity indicating the 
especial appropriateness of carbon 
dioxide for restoring the normal chemi- 
cal equilibrium of the body after 
‘arbon monoxide anoxemia, and these 
data have been entirely disregarded 
both by Nicloux and by Walton and 
his collaborators. It is not enough, 
in considering the efficacy of the oxy- 
gen-carbon dioxide treatment, to use 
the disappearance of carbon monoxide 
from the blood as the sole criterion 
for evaluating the procedure. While 
saturation of the red coloring matter 
of the blood with carbon monoxide 
and consequent oxygen lack is the 
obvious and best known feature of 
poisoning, it happens that this very 
event induces other changes which 
must return to normal before complete 
recovery can be secured, and these 
changes are intimately concerned with 
‘arbon dioxide. 

Haldane (13), in 1924, described an 
experiment in point. A mouse in a 
glass container was subjected to a 
current of air containing 0.3 per cent. 
carbon monoxide. Within three min- 
utes the animal was quite helpless. 
If, now, a current of air containing 4 
to 5 per cent. carbon dioxide was 
blown in, the mouse waked up, raised 
its head, and began to move about, 
though feebly. When pure air was 
again supplied to the intake, the mouse 
sank down again into its former help- 
state. The contrast was very 
striking. The arrangement of the 


less 
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_experiment kept the concentratioy, ,; 


carbon monoxide in the container ,, 
exactly the same level all the time gy, 
there was a pronounced bettermen; in 
the condition of the animal by ty 
addition of carbon dioxide to the “, 
mosphere of the container. Haldanp 
explained this effect as due to thp 
favorable action of carbon dioxide jy 
dilating the smaller blood vessels gy, 
so permitting a freer liberation of such 
oxygen as the blood was still able ty, 
earry. The experiment is dramatic 
and indicates the peculiar fitness 9; 
carbon dioxide to meet the situation 
caused by carbon monoxide. 

Haggard and Henderson (14 
showed that the excessive breathing 
which occurs in the early stages of 
carbon monoxide poisoning depletes 
the normal store of body carbon 
dioxide, and in order to maintain the 
reaction of the blood at the neutral 
point, alkali—in this case sodium bi- 
carbonate—must move into the tis 
sues. It is possibly this abnormal 
migration of alkali which is at the 
bottom of the circulatory derangement 
mentioned by Haldane in his explana- 
tion of the favorable effects of carbon 
dioxide. 

There can be no argument upon the 
wisdom of using carbon dioxide inhala- 
tions to bring to normal the funda- 
mental derangement inherent in suc) 
an alteration of the chemical equilib- 
rium of the body. When a dose 0! 
mercuric chloride is taken, the fir 
thing to do is to get as much of the 
poison out of the body as can be I 
moved, and to do this as quickly ° 
possible. There is then a secondary 
battle of equal importance, the allay- 
ing of symptoms referable to the acto” 
of the bichloride. The same pol 


N Vey ly.¥ 

















Tation of 


tainer 4; 
time ang 
-rment jp 
by the 
9 the at. 
Haldane 
> to the 
loxide jy 
ssels and 
n of such 
| able to 
lramatie 
itness of 
situation 


n (]4 
reathing 
tages of 
depletes 
carbon 
tain the 
neutral 
lium bi- 
the tis- 
norma! 
at the 
igement 
xplana- 
carbon 


pon the 
inhala- 
funda- 
in such 
»quilib- 
lose of 
ie. first 
of the 
be re- 
*kly as 
ondary 
_ allay- 
action 
point 


j.1.8 
NOV.» 1929 


- : 


USE OF 7 PER CENT. CARBON DIOXIDE 307 


ay be made in regard to carbon 
nonisiile poisoning. The gas must 
be removed from the blood as fast as 
possible, and there is no doubt that 
the oxygen-carbon dioxide mixture 
now in use does this more rapidly 
‘han oxygen alone. The disagree- 
ment which has arisen does not deal 
with the truth of this statement but 
with the degree of superiority inherent 
in the oxygen-carbon dioxide mixture. 
During and possibly even after the 
removal of most of the carbon mon- 
oxide, carbon dioxide is apparently the 
‘deal substance to readjust the body 
to its normal state. 

The experiments of Nicloux (9) (10) 
and those of Walton (11) contain no 
data on the acid-base situation in the 
blood at the moment of instituting 
treatment, and do not present even a 
rough estimate of what may be called 
the respiratory ability of the animal at 
the moment when treatment was be- 
gun. Stadie and Martin (15), in a 
careful repetition of work done by 
Douglas, Haldane, and Haldane (16), 
showed that any tendency of the 
blood to become alkalinized causes it 
io seize and hold earbon monoxide 
with even more than normal avidity 
and also to fail to give up readily 
such oxygen as may still be carried. 
Conversely, anything which increases 
the hydrogen ion concentration of the 
blood will hasten the elimination of 
carbon monoxide. 

_ In general summary, we feel the 
‘ollowing to be a fair statement of the 

‘talus of the inhalation procedure at 
ie present time: 

- Dangers to the circulation very 
Properly mentioned by Henderson and 
Hageard when the inhalation treat- 
“ent was first started, and reiterated 


by Rossiter and by Sayers and Yant, 
need no longer be considered. Upon 
the basis of both experimental and 
clinical observations, the oxygen-car- 
bon dioxide inhalation is beneficial to 
the circulation rather than harmful, 
and this is true in carbon dioxide 
concentrations as high as 7 per cent. 

2. On the basis of animal experi- 
mentation, Nicloux and his collabora- 
tors, and Walton and his collaborators 
present data, solely upon the release 
of carbon monoxide from the blood, 
which indicate that inhalation mix- 
tures of oxygen and carbon dioxide, 
while better than oxygen alone, are 
not so decidedly superior as shown in 
the earlier papers of Henderson and 
Haggard. 

3. When all the possible effects of 
carbon dioxide for restoration of the 
normal physicochemical equilibrium 
in the body are considered, carbon 
dioxide possesses an importance which 
would make it most unwise to cis- 
continue its use in carbon monoxide 
poisoning. 

4. The data cited, together with 
observations (17) on the inhalation 
of 5 and 7 per cent. concentrations of 
carbon dioxide by normal individuals, 
have indicated to us the advisability 
of increasing the concentration of car- 
bon dioxide in the inhalation mixture 
from 5 to 7 per cent. 


FIELD OBSERVATIONS UPON THE USE 
oF 7 PER CENT. CARBON DIOXIDE 
AND 93 PER CENT. OXYGEN IN 
TREATING CARBON MON- 
OXIDE POISONING 


Since 1925, we have had opportunity 
to observe the use of 5 per cent. carbon 
dioxide and 95 per cent. oxygen for 
carbon monoxide poisoning by the 
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emergency crews of the Consolidated 
Gas Company of New York. At the 
present time there are ten emergency 
trucks manned by crews of three. 
They respond to all notifications of 
leaking gas, to fires, and to all sorts of 
situations where asphyxia has occurred 
or is a hazard. The personnel of 
these crews changes but little. All the 
men are thoroughly drilled in giving 
artificial respiration, in handling un- 
conscious patients, and in the use of 
inhalation apparatus. They have had 
instruction in the nature of carbon 
monoxide poisoning and other com- 
mon types of asphyxia, and have been 
shown the value and necessity of 
making simple clinical observations on 
each case. It is certain that no group 
of men in the world has such a con- 
stant and large experience with carbon 
monoxide poisoning. In 1926, 789 
patients were treated and recovered; in 
1927, 715; and in 1928, 850. Owing 
to the fact that approximately 60 per 
cent. of the cases are suicidal, the num- 
ber found dead on arrival is large, 
slightly exceeding the number revived. 

The men on the emergency crews 
have been trained to report all this 
experience upon the form shown in 
igure 1, and have thus supplied a 
large volume of experience with which 
to contrast the alteration in practice 
introduced in March, 1929. At that 
time two crews were furnished tanks of 
7 per cent. carbon dioxide and 93 per 
cent. oxygen, with instructions to be- 
gin treatment with a tank of this 7 
per cent. mixture and to shift to the 
old 5 per cent. concentration when the 
first tank wasempty. This has meant 
from five to twenty minutes’ inhala- 
tion of 7 per cent. carbon dioxide in 


oxygen. 
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From the discussion in the beginning 
of this paper, some of the reasons 
recommending this change have boo, 
gained. ‘There are, however, two otho 
important facts bearing upon +, 
change. [First of all, it has been foun, 
that the increase in breathing experi. 
enced by normal persons who inhalp 
5 per cent. carbon dioxide is not ypj. 
form. That is, we cannot say tha; 
this concentration will always triple 
or even further increase the breathing 
In a series of normal men and women 
tested during the past spring it was 
found that the effect of 5 per cent. 
carbon dioxide varied in different per- 
sons from less than a twofold to a five- 
fold increase in respiration (17). The 
reasons for this variability are quite 
unknown. When 7 per cent. carbon 
dioxide is used, the variability persists, 
but all persons respond on a higher 
level, so that breathing is always 
doubled and may show even a seyven- 
fold increase, the usual result being 
respiration five times normal. It is 
obvious that a patient whose breath- 
ing under normal conditions increases 
not more than one and one-half times 
when given 5 per cent. carbon dioxide, 
will gain little from the usual inhala- 
tion treatment. If, however, he 1s 
given 7 per cent. carbon dioxide, he 
will experience a greater augmentation 
of respiration and will have a better 
chance to gain oxygen and to lose 
carbon monoxide. A second {a' 
makes it additionally important to us 
the 7 per cent. inhalation mixture 
the early stages of treatment. [tece!! 
experiments by one of us have shown 
that as carbon monoxide asphyxia “ 
velops, the response to carbon dioxi 
stimulation becomes less. This 1s WU 
important in mild poisoning but whe! 
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patients are seriously affected and 
need oxygen at once, it must be under- 
stood that their ability to have the 
breathing stimulated by carbon diox- 
ide is lowered, and in order to get the 
desired breathing the concentration of 
carbon dioxide must be increased. 
Up to the present date, Sept. 25, 
1929, 300 patients have been treated 
with 7 per cent. carbon dioxide and 93 
per cent. oxygen. [Emergency crews 
use a tank containing this mixture and 
when after a brief period, depending 
upon the depth of the breathing, this 
first tank is emptied they use 5 per 
cent. carbon dioxide and 95 per cent. 
oxygen to complete the treatment. In 
certain instances this last mixture has 
failed to give adequate breathing and 
the 7 per cent. mixture has again been 
used. There has been one death, 
which occurred thirty-one hours after 


Name: 7. S., 
Age: 67 
Sex: Male 


Condition prior to asphyxiation: Good health 
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the beginning of treatment. This 
patient received 7 per cent. carbon 
dioxide in oxygen for eight minuj, 
and then the 5 per cent. mixture , 
intervals during the ensuing perjog 
The individual was profoundly Doi- 
soned, never regained consciousnes 
and died slowly as is so often the cay: 
when protracted anoxemia has pro- 
duced serious neurologic damage. 

The following reports will indica: 
the nature of our experience and the 
clinical utility of the 7 per cent. 
mixture. 

The last case, that of C. L., is par. 
ticularly interesting for the manner 
in which it duplicates Haldane’s 
mouse experiment (p. 306). The re- 
turn of consciousness under high car- 
bon dioxide and loss of conscious 
ness under lower concentration is 
striking. 


Date: 
Address: 


Condition when discovered—conscious or unconscious: Unconscious 


Breathing—rate per minute: 14 
General character—(check type) 
Pulse—rate per minute: Not counted 

General appearance of patient: Very bad 








Vv 


gasping & slow—shallow—rapid & weak—increased 


How long was 93% oxygen and 7% CO: applied: 20 minutes first time 


Did breathing increase: Yes 


5 minutes later 


To what rate: At 6:15 rate 14 
At 5:25 rate 18 
At 6:35 rate 22 


What was the type observed at this time: Good deep breaths 

How long was 95% oxygen and 5% CO, applied: 1 hour and 5 minutes 

How long after beginning of treatment did the patient recover consciousness: # hours 
Inquire if patient has headache—(check type)—slight—severe: Not recorded 


Time of arrival of ambulance: 6:20 p.m. 
Doctor’s name: Dr. B. 


What hospital: Bellevue 


Did the doctor make any comment: Considered rate of recovery very remarkable in view % 


the patient’s condition 
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nt. Th; Was prone pressure necessary in this case: No How long: 
1g - ,; . i i 
Do you think patient recovered consciousness more rapidly with the 7% CO: treatment: 


, Cannot say 
Minutes state other things of interest that occurred: 


ixture a} 
S period. 


Respiration Report 


idly Doj- | Time Respiratory Rate Treatment 
1OUsness 5:15 14 7% CO, and 93% O, began 
the < 5:25 18 7% COrz and 93% Oz 
hy. oa 5:35 22 7% COz and 93% Oz 
1aS pro. 5:35-6:00 5% COz and 9% O» 
lage. 6:00 18 5% COs and 95% Or 
indicate 6:05-6:10 7% COz and 93% Oz 
and the 6:10 23 
er cent 6:10 Turned back to 5% CO: and 95% Oz 
| 6:15 25 5% COrz and 95% Or» 
6:25 26 5% COrz and 95% Ox 
sy IS par- 6:35 28 5% COs and 95% Or 
manner 6:35-6:55 No inhalation 
laldane’s i 6:55 26 5% COs and 95% Or» 
The tTe- 7:00 28 5% COze and 95% Ox 
7:10 28 5% COz and 95% Ox 


high car- - 

igh car At 7:10 patient could move freely and talk. 
onsclous- 

ation is 


Date: April 27, 1929 


Name: A. LD. Address: 
Age: 40 
Sex! Mal 


Condition prior to asphyxiation: Good health 
Condition when diseovered—conscious or unconscious: Unconscious 
ireathing—rate per minute: 8 J V 
(General character—(check type)—gasping & slow—shallow—rapid & weak—increased 
Pulse—rate per minute: 120 
General appearance of patient: Poor 
‘low long was 93% oxygen and 7% CO: applied: 30 minutes 
eased | Did breathing inerease: Yes To what rate: 32 
N hat was the type observed at this time: Patient breathing normal. Still unconscious 
H w long was 95% oxygen and 5% CO: applied: 3 hours 
How long after beginning of treatment did patient recover consciousness: Af the end of 
hours patient was semi-conscious. Doctor said crew could do no more 
‘quire if patient has headache—(check type)—slight—severe: 
‘ime of arrival of ambulance: About 7: 50 a.m. What hospital: Bellevue 


T 


Voctor’s name: Dr. H. 
Cer = i 
“id doctor make any comment: No 

> prone pressure necessary in this case: No ig — 


. Do vay a ee ; : : sei , ; 
2 hours ‘ou think patient recovered consciousness more rapidly with the 7% CO: treatment: 
] ¢ 


f 


'e other things of interest that occurred: While applying inhalator with 93% O2 and 
; for 10 minutes, noticed patient’s breathing increased. Continued same for 20 
oe “rites more when doctor requested crew to go to Bellevue. Crew applied 95% O2 and 6% 
2 for 3 hours when Dr. W. pronounced patient out of danger, hut still in coma and left 
n Emergency Ward. 


or 


C 


( 








oo ee ee 
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Date: June 11, 1929 
Name: F. C, Address: 
Age: 46 
Sex: Female 
Condition prior to asphyxiation: Good health 
Condition when discovered—conscious or unconscious: Unconscious 
Breathing—rate per minute: 8 / / 
General character—(check type)—gasping & slow—shallow—rapid & weak—increage, 
Pulse—rate per minute: 124 
General appearance of patient: Pale, lips blue 
How long was 93% oxygen and 7% COs: applied: 45 minutes 
Did breathing increase: Yes To what rate: 30 
What was the type observed at this time: Deep and regular 
How long was 95% oxygen and 5% CO, applied: 3 hours 
How long after beginning of treatment did patient recover consciousness: 3 hours an} j; 
minutes J/ 
Inquire if patient has headache—(check type)—slight—severe 
Time of arrival of ambulance: As crew arrived What hospital: St. Vincents 
Doctor’s name: Dr. M. 
Did doctor make any comment: No 





Was prone pressure necessary in this case: Vo How long: 
Do you think patient recovered consciousness more rapidly with the 7% COz treatment: 
Yes 


State other things of interest that occurred: After applying 93% O2 and 7% CO; for ? 
minutes, patient’s breathing rose to 18. I then turned on 95% O2 and 5% COk., and pa- 
tient’s breathing came down to 12 per minute and stayed that way for about 10 minutes. 
I then switched back to 938% O2 and 7% COz for 25 minutes and the patient’s breathing 
cume up to 24; and then started giving 95% Oz and 5% COz for 3 hours, when patient 
regained consciousness, breathing 30 per minute. 


Date: April 1, 1929 

Name: C. L, Address: 

Age: 20 

Sex: Male 

Condition prior to asphyxiation: Good health 

Condition when disecovered—conscious or unconscious: Unconscious 

Breathing—rate per minute: 16 / J 

General character—(check type)—gasping & slow—shallow—rapid & weak—increased 

Pulse—rate per minute: Not taken 

General appearance of patient: Chalky color 

How long was 939% oxygen and 7% COs applied: 5 minutes 

Did breathing increase: Yes To what rate: 20 

What was the type observed at this time: Patient lively and making motions to rist 

How long was 95% oxygen and 59% CO: applied: 10 minutes | 

How long after beginning of treatment did patient recover consciousness: About 1) mie 

Inquire if patient has headache—(check type)—slight—severe: Refused to talk 

Time of arrival of ambulance: 6:45 a.m. What hospital: Bellevue 

Doctor’s name: Dr. B. 

Did doctor make any comment: .Vo 

Was prone pressure necessary in this case: No How long: . 

Do you think patient recovered consciousness more rapidly with the 7% CO2 treatm 
Yes 

State other things of interest that occurred: On arrival found C. L. lying on floor 
scious from gas poisoning. A pplied 93% O.and 7% COz at once ford minutes when pe 
beqan kicking and wanted to rise. Turned on to 95% O2 and 5% COsz for about 4 n 


a . e ° . *,? . 907 mil 
and patie ni fell info a semi-COnscious condition. Again turned on Fo C O2 — 


> 


, ; ; > ' 
for ahout 3 er 4 minutes and pati nt sat “up but r Jus d to talk. 








Creased 


UTS and {5 


treatment: 


CO, far Z 
)o, and p }- 
O minutes. 
3 breathing 


ven patient 


rise 


reatm®! 


ri i” 
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CONCLUSIONS 


1. A study of the experience since 
1923 in the use and experimental ex- 
amination of the effects of 5 per cent. 
earbon dioxide and 95 per cent. oxygen 
» the treatment of carbon monoxide 
poisoning has indicated the wisdom 
of increasing the concentration of car- 
hon dioxide to 7 per cent. for the first 
sve to twenty minutes of treatment. 
The principal reasons for making this 
change are: 

a. ‘The fact that a certain number of 
persons respond to carbon dioxide 
simulation of breathing with com- 
paratively slight increase when 5 per 
cent. earbon dioxide is used, whereas 
with 7 per cent. there is satisfactory 
augmentation. 

b. Response to carbon dioxide 
stimulation is lowered in dangerous 
carbon monoxide poisoning, and a 7 
per cent. concentration is a_ better 
means of securing an increase in breath- 
ing of real consequence to the patient. 


c. No experimental or clinical evi- 
dence has appeared indicating that the 
increase in carbon dioxide to 7 per 
cent. carried with it the slightest dan- 
ger. Indeed, all facts point to benefit 
to the circulation from 7 per cent. 
carbon dioxide in 93 per cent. oxygen. 

2. Three hundred cases of carbon 
monoxide poisoning have been treated 
by employing an initial inhalation of 
7 per cent. carbon dioxide and 93 per 
cent. oxygen for from five to twenty 
minutes, and completing the treatment 
with the usual 5 per cent. carbon 
dioxide mixture. 

The results of this field work have 
been uniformly good. Breathing is 
more active, consciousness returns 
more rapidly, and after effects have 
not been noteworthy. It is our inten- 
tion to continue this technic in emer- 
gency work for the Consolidated Gas 
Company of New York. 
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<oME PHYSIOLOGIC REACTIONS TO COOLING POWER DURING 
WORK, WITH SPECIAL REFERENCE TO EVAPORATION OF 
WATER* 


J. ARGYLL CAMPBELL AND T. C, ANGUS 


From the National Institute for Medical Research, Hampstead, London 


INTRODUCTION 


N a previous paper (1) we investi- 

gated some of the body reactions 

occurring at various temperatures, 
namely, about 20°, 25°, 30°, and 35°C., 
in both relatively dry and moisture 
laden air, still and in motion, using 
both naked and clothed resting sub- 
jects. In the present paper, employ- 
ing two of the same subjects, we have 
studied similar body reactions, but in 
this case the subjects carried out work 
of moderate intensity and at tempera- 
tures of 10°, 15°, 20°, and 25°C. We 
have, thus, data at air temperatures of 
2) and 25°C. both for resting and for 
working subjects. The physiologic 
reaction particularly under investiga- 
“ion was the evaporation of water from 
‘he skin and lungs; pulse rates, cheek 
and rectal temperatures, heat produc- 
‘ion, and heat loss were also considered. 
This research forms part of the study 
0! Leonard Hill’s kata-thermometer as 

index of atmospherie conditions 
‘table for factory and other workers. 


MrtTHODS 
Thea 


Ai) 


same experimental tunnel was 


“(as in the previous research (1), 


‘ecelved for publication July 30, 1929. 


to which the reader is referred for 
details. The plan of investigation was 
similar, the main difference being that 
the subjects, instead of sitting quietly, 
were performing moderate work either 
pedaling on an ergometer or walking 
on a conveyor, placed just in front of 
the balance on which the changes in 
body weight were measured. In half 
of the experiments the subjects worked 
on Schuster’s modification of Martin’s 
bicycle ergometer (2), performing 
about 12,150 kilogrammeters per hour, 
for six consecutive periods of twenty 
minutes each; during the first three 
periods the air was kept almost still, 
while in the last three periods the 
large fan was set in motion, the result- 
ing air velocity being about 100 to 130 
meters per minute. In this research 
the subjects faced the wind while at 
work; in the previous research (1) the 
subjects sat at rest with their backs to 
the wind. In the other half of the 
present experiments the subjects 
walked on a revolving mat or conveyor 
similar to that used by Benedict and 
Murschhauser (3) in their work on 
horizontal walking; our subjects 
walked at the rate of 5,400 meters per 
hour for six periods of twenty minutes 
each. As with the bicycle ergometer, 
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half the experiment was performed in 
still air and half in moving air, air 
velocity being as stated above and the 
subject facing the wind. At the 
beginning and at the end of each 
period of twenty minutes, the subjects 
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changed their ordinary clothes fo, , 
special set of very light clothes—,., 
ton shirt, flannel trousers, thin go¢i, 
and light rubber-soled shoes—jhjo) 
had been left hanging in the ty), 
overnight, so that all garments Worn 


TABLE 1.—DETAILS OF ATMOSPHERIC CONDITIONS FROM TWO SERIES oy 
OBSERVATIONS WITH SUBJECT P. ) 

































































AIR TEMPERATURE sie deinen | DRY Kary 
RELATIVE , COOLING 
DATE 7 HUMIDITY | TEMPERA- POWER 
MOVEMENT | Pry Bulb Wet Bulb TURE millicals. 
2 ° 4 © per °q. CM, 
c. | C. % U. per sec. 
Series 1.—Relatively Dry Air 
12/17/28 | still 10.4 9.0 84 84 | 91 
moving 10.4 9.2 84 8.5 | 21.7 
10/ 1/28 | still | 15.5 12.6 73 0.3 | 61 
| moving 15.2 11.2 61 7.7 17.1 
8/ 2/28 still 20.5 16.7 69 14.1 4.7 
moving 20.3 15.7 60 12.1 13.5 
| 
8/13/28 | still 25.1 18.7 55 14.8 | 32 
| moving 25.2 17.5 47 12.7 | 9.1 
Series 2.—Relatively Moist Air 
1/11/29 | still 02 | 98 | 9% | 9.4 17 
| moving 10.4 | 9.8 92 | 10.2 21.4 
| 
10/ 4/28 | still | 159 | 15.0 9 | 144 | 64 
| moving | 15.7 | 15.0 94 | 15.4 15.0 
| | | 
9/21/28 | still | 20.0 20.0 100 60} ( 0.0s|tsC 
| moving | 20.6 20.3 97 20.1 | 146 
| | | 
8/28/28 | still | 25.2 24.5 94 24.0 | 39 
moving 25.7 24.7 94 24.6 | 8. 














were weighed on a balance which was 
accurate to 1 gm. 

The subjects were not in the post- 
absorptive state, as they had partaken 
of breakfast a couple of hours before 
the experiment commenced. 

In half the experiments the subjects 


' 
- " 


during the experiment were in equilid- 
rium with the air inside the tunn® 
The weight of these clothes was 0! 
about 1.2 kg. 

In the other half of the experimen” 
the subjects, stated, in the tables, ' 


nail 


have been naked, wore only @ p*! 











hes for 9 
hes~oos, 
in Socks 
‘S—which 
he tunne! 
nts Worn 


RIES oy 


es 


IRY Katy 
COOLING 
POWER 
nillicals. 
er Sq. cm, 
per sec. 


equillb- 
tunnel 


as Oni) 





REACTIONS TO COOLING POWER DURING WORK 317 


very light, loose and short knickers, 
acks, and rubber-soled shoes, the 
total weight of these being about 0.65 
" for most of which the shoes were 
responsible. 

After the subjects had worked 
shout an hour, the carbon dioxide 
output and the oxygen consumption 
jyring about ten minutes’ work were 
octiated in some experiments by the 
»ethod of Douglas and Haldane, and 
‘he figures obtained were used for 
ealeulation of heat production. The 
heat produced by the work on the 
conveyor approximated that produced 
hy the work on the ergometer. 
nly one subject was under observa- 
‘ion on any one day, the experiment 
commencing at 10 a.m., and finishing 
at 1 p.m. Three periods of work of 
twenty minutes each were performed 
in still air and then three similar 
periods in moving air, with only about 
one or two minutes’ rest between the 
periods. In all, we obtained 128 
complete results—64 from each sub- 


ect. In 32 of these 64 observations 


the subject walked on the conveyor, 
while in the other 32 he pedaled on the 
ergometer. Of these 32 investigations, 
‘0 were carried out with the subjects 
nthe very light clothing, and 16 with 
‘he subjects almost naked. In 8 of 
these 16 observations the air was 
relatively dry, while in the remaining 
Sit was well laden with moisture 
Table 1). In 4 of these 8 investiga- 
‘ions the air was almost still: in the 
other ¢ it was moving at a velocity of 
bout LOO to 130 meters per minute. 
“ach of these 4 observations was 
de at a different temperature— 
4 15°, 20°. and 25°C., respectively. 
rable 1 gives full details of atmos- 
eric conditions from two full series of 


observations with subject P. lightly 
clothed and walking on the conveyor 
in relatively dry and relatively moist 
atmospheres. Witheach subject there 
were eight such series of observations 
in relatively dry air and eight in air 
well laden with moisture. The details 
of atmospheric conditions for any 
series resembled very closely the cor- 
responding figures given in Table 1. 
Broadly speaking, all the experiments 
were performed at approximately one 
of the four dry bulb temperatures 10°, 
15°, 20°, and 25°C., and these tempera- 
tures have been used freely for brevity 
in description in the tables and text 
for conditions such as are given in 
the two series in Table 1. 


PuystoLocic REACTIONS 
Pulse Rates 


The pulse rates as counted in the 
radial artery at the wrist are given in 
Table 2. The rise in rate which is 
usually expected under an increase in 
air temperature was not observed, 
except when the subjects wore the light 
clothing and worked in moist still air; 
here the rates, on the whole, increased 
as the temperature increased. Prob- 
ably in all the other series, the con- 
ditions for clothing and temperature 
did not differ sufficiently with regard to 
degree of heating produced, to bring 
out the effects of a rise in air tempera- 
ture; also, the experiments were carried 
out on different days and there seemed 
to be some differences due to daily 
variations which were not easily 
explained. The pulse rates for all 
conditions were correlated with the 
dry kata-thermometer cooling power 


and the correlation ratio was not high 


(Table 3). 
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The average rates for moving air until constancy was attained. The 
were lower—in most cases appreciably details which are given in Tabjp , 
lower—than those for still air; here the indicate roughly a linear relationship 
cooling effect by wind in reducing between cheek temperature and dr: 


pulse rate was obvious. kata-thermometer cooling power; thers 


TABLE 2.—EFFECT OF AIR TEMPERATURE (ETC.) ON PULSE RATE, IN Bp 














PER MINUTE ATS 
| | DRY AIR | eal ies 
AIR Naked Clothed Naked Clothed 





| TEMPER- | | —_——$_____ 


j E ‘ 
| UT- | Er- Er- i’ ye 
ATURE Con- | po Con- | o ei Con- gom Con- Er. 
C. vevor | ~ | veyor ~ | veyor ~ | veyor| 80@ 
| - eter — | eter = eter weyor eter 


| : 
| P. |R.| P. | i de R.|P. | |R.| P. |R. P. ROP. R. P. R, 


AIR MOVEMENT 
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eer are 10 | 95 68 84 88 06 76, 93 85, 90, 74 82 84 93) 82] 83 73 
| 15 | 83| 78| 891 85| 92] 841 80, 84, 90) 82| 93) 84) 86. 87 85 « 
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We have some figures for the same is a high correlation between these tivo 
subjects under similar conditions at variables (Table 3). We also carr 
20° and 25°C., but at rest (1). The out some measurements of re 
pulse rates during work were on an temperature with a_ thermojunctio! 
average about 20 beats higher than 


those while at rest. As might be TABLE 3.—TOTAL CORRELATION FO 


expected, the greatest differences (23, BOTH SUBJECTS (128 
26, 25, and 26) were observed in the OBSERVATIONS) 

most heating conditions tested,Q =o 

namely, in moist air when the wibioats wcsnivi 





wore light clothing. Dry kata and cheek temper- 
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REACTIONS TO COOLING 


| occasionally found the results to 
be slightly lower than those with the 
-pormometer. In moist air we found 
impracticable to use the thermo- 
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increase in metabolism of 500 to 600 
per cent. due to walking on a treadmill 
did not appreciably alter the cheek 
and other skin temperatures. 

Wind lowered cheek temperature 


TABLE 4. EFFECT OF AIR TEMPERA’ rU RE (ETC.) ON CHEEK TEMPERATURE, 
IN DEGREES CENTIGRADE 
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Subject R. had usually a lower 
check temperature than subject P.; 
this may have been due, at least in 

to the facet that R. had a higher 
evaporation of water from the skin 
than did Fr, 

We have compared some average 

sults for cheek temperatures under 
ir temperatures of 20° and 25°C. for 
rest and for work, the results for rest- 
ig subjects being obtained from our 
revious paper (1). The cheek tem- 

matures with still air were strictly 
iparable and, with one exception, 
d no constant or appreciable 
nee due to work; they thus agree 
i the results given by Benedict 
‘ Parmenter (4), who found that an 


eye 


by from 3° to 5°C. (see averages for 
still and moving air, Table 4) because 
it removed the still layer of air next the 
skin. Another important factor was 
the air temperature; as this decreased, 
the cheek temperature also decreased, 
The kata-thermometer combines these 
two factors and thus we get the linear 
relationship between check tempera- 
ture and dry kata-thermometer cooling 
power, and their high correlation ratio 
already referred to. Benedict and 
Parmenter’s results give similar indi- 
vations as to the effects of wind and 
cold air. 

It seems curious that exercise In 


still air did not markedly increase the 


check temperature. Benedict and 
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Parmenter suggest that in short spells 
of exercise this is due to constriction 
of skin vessels, resulting in a tempo- 
rary transport of blood from the 
periphery to the muscles, at least in 
the initial stages of muscular work. 
We found that after one hour’s work 
in still air at 20° and 25°C, the cheek 
temperature was not greatly increased 
above the resting value; there was, 
at the same time, an increase in the 
amount of water evaporated from the 
skin, and this may have been the factor 
chiefly responsible. 

The body temperature, as measured 
in the rectum, was obtained in more 
than half the experiments. At air 
temperatures of 10° and 15°C. the 
changes produced by the work were 
very slight, only about + 0.2°F.; the 
same result was observed for most of 
the experiments at 20°C. There were 
some few experiments in which the 
change in rectal temperature was 
greater than + 0.5°F.; as might be 
expected most of these were at the 
highest temperature tested, namely, 
25°C. <A curious result with subject 
R. was a distinct fall of rectal tempera- 
ture in three experiments; in one case 
this was obviously due to cooling by 
wind; in the other two cases the initial 
temperature was a little high, and 
increase of blood supply to, and evapo- 
ration from, the skin may have lowered 
it. 


Water Evaporated from the Body 


The total losses in body weight are 
shown in Table 5. These include the 
water evaporated from the skin, water 
evaporated from the lungs, and also 
the excess weight of carbon dioxide 
excreted over oxygen absorbed by the 
lung. Inestimating these total losses 
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we have not used the first Weighing 
that is, after the first twenty minute 
of work; therefore the subject had time 
to settle down to the new conditions 
We carried out some control expeyi 
ments in which the conditions wins 
kept constant over six periods of work 
of twenty minutes each and we foyy) 
that after the first twenty minute. 
the losses in weight became reasona)\y 
constant. We therefore used {hy 
average values for the second gy) 
third periods of twenty minutes eaeh: 
as stated already, the subject worked 
for three such periods in stil] gir 
followed immediately by three periods 
in moving air. Sometimes we pp. 
versed the order, that is, the part of 
the experiment in moving air wa 
performed first, but no great difference 
was produced thereby in the results 
for loss in body weight. 

The losses in body weight during 
work on the conveyor were often 
similar to those during work on the 
ergometer; the calorific values of the 
two types of work were similar. 

Taking all the observations together, 
we found that they did not show 4 
high correlation ratio with the dry 
kata-thermometer cooling — power. 
Above a dry kata cooling power of 14 
millicalories per square centimeter 
per second, the total loss in weight 
reached a minimum. Under thes’ 
cold conditions the loss in weight wes 
due almost entirely to water &le 
carbon dioxide coming from the lungs 

From Table 5 it will be observe: 
that with subject P. there were ™ 
great differences between the losses !! 
body weight during work at tempe' 
tures of 10°, 15°, and 20°C., but * 
25°C. there was a definite increas 


loss of weight. On the other han, 
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subject R. often showed a marked 
inerease in loss of weight at 20°C. as 
wellasat 25°C. These great increases 
‘n loss of weight were obviously due 
.) increased evaporation of water from 


the skin. 


between still and moving air with 
regard to the foregoing metabolic 
factors. Also the calorific value of 
the work done on the ergometer agreed 
fairly closely with that of the work 
done on the conveyor, the average 


TABLE 5.—EFFECT OF AIR TEMPERATURE (ETC.) ON LOSS OF BODY WEIGHT 
| (7.E., WATER EVAPORATED FROM SKIN AND LUNGS+ 
(CO.—O2)), IN GRAMS PER HOUR 
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25 | 60 141 75 97, 108 175 87| 149 52! 125 38 73/142 = wo 
: si eeceie ae a Leen | a | saat aa A vem 
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In order to estimate the weight of 
water evaporated from the skin, it is 
necessary to determine the water 
evaporated from the lungs in the ex- 
pired air and also the carbon dioxide 
excreted in excess of oxygen absorbed. 
We therefore estimated the carbon 
dioxide output, the amount of oxygen 
absorbed, and the volume of. air 
‘xpired over about ten minutes, both 
u still and in moving air, in about 
‘wenty experiments. This number 
‘ppeared to be sufficient for the pur- 

© and for the degree of accuracy ob- 
talnable with the methods employed. 
‘here was no appreciable difference 


figure for both subjects being about 
250 to 260 calories. On three occa- 
sions subject P. had a high value, 
about 300 calories, the origina! cause 
of which remains unexplained; ac- 
companying the increase there was 
marked increase in the percentage of 
carbon dioxide and a marked decrease 
in percentage of oxygen in the expired 
air. On one occasion subject R. also 
had a high value, 294 calories, but 
this was associated with an increase in 
volume of air breathed and was due 
possibly to a tendency to blow through 
the mouthpiece during work. 

Taking an average value for carbon 
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dioxide output minus oxygen intake, 
we found 13 gm. per hour for both 
subjects. 

Averaging the values for volume of 
air respired, we obtained 14 liters per 
minute for subject P., and 17 liters for 
subject R.; these figures representing 
more than twice the resting volumes. 
By means of the same formula em- 
ployed in the previous paper (1), we 
obtained the average values for water 
evaporated from the lungs, assuming 
that, with the volumes quoted, the 
expired air is still saturated at 33°C. 
By subtracting from the total loss in 
body weight these values for excess 
of carbon dioxide output over oxygen 
intake and for water evaporated from 
the lungs, we obtained the figures 
given in Table 6, for water evaporated 
from the skin alone. Because of the 
method of estimating the water evapo- 
rated from the lungs, these figures can 
only be regarded as approximations. 

It is only at the highest temperature, 

25°C.., that a marked increase in water 
women from the skin occurs in 
both subjects, but in many cases for 
subject R. there is a great increase also 
at 20°C. On fourteen occasions the 
water evaporated from the skin ap- 
peared to be nil. On eleven of these 


occasions the air was laden with 
moisture: therefore the heat econduc- 
tivity and heat capacity of the air 


next the skin would be greatly in- 
creased, and the skin would thus be 
cooled down. The clothes, too, would 
be rendered damp under such condi- 
tions, and in this way the skin would 
be actually wetted. 

Rubner’s (5) figures for a resting 
subject are in support of our results; 
at 20°C 
from the skin was only 


. in moist air the evaporation 


3.0 gm. per 
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hour for his subject, and at 15°¢ 
figure is given. On three Occasion 
in our experiments where the ey apes 
tion was nil, the air was relatively i 
and in motion; it is very difficult ty 
understand - water evaporatioy 
from the skin can be reduced to ni 
under such conditions, unless _ {ip 
chilling by wind was great, but jj 
obvious that the amount must hay: 
been reduced to a very low level, ti 
low to be estimated with any accuracy 
by the rough method used. . 

It will be observed also from the 
averages for still and moving air jy 
Table 6 that, on the whole, wind 
greatly reduced the amount of water 
evaporated from the skin. Further. 
the light clothing usually increased 
the amount evaporated at 20°C. and 

5°C, 

Over all temperatures the water 
evaporated from the skin was lowest 
in naked subjects exposed to moist 
moving air. Subject R. had a much 
higher average evaporation of water 
than P. over all temperatures for each 
set of similar conditions. It was dill: 
cult to explain this, although R. had: 
slightly larger surface area; P. had & 
somewhat finer—less dense—skin than 
R., but it was not possible to detect 
any definite differences in skin thick 
ness and subcutaneous fat. 

Our average increases in | 
evaporated from the body during Wo! 
over the resting values—obtained in 
previous research (1)—at air temper 
tures of 20° and 25°C. agree in genel 
with the few . 
Rubner (5). 
crease was marked, the highest @ , 
ence being 146 subject th. 
whose figure for rest was 50; the heat 
produced during work was, 01 cou” 
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about three times that produced at 


The amount of water evapo- 
rated during W ork in still air showed a 


rreater excess over that during rest 
‘han was the case in Moving air. 
\ifferences in still air are approxi- 


The 


skin to any extent at all for removal 
of heat produced by work; all the 
excess heat was removed by radiation, 
conduction, and convection. Perhaps 
P.’s skin was finer in texture, but, as 
already stated, there was no great 


TABL L, 6. gies ATER EVAPORATED FROM SKIN ALONE, IN GR AMS PE R HOUR 
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ately twice those for moving. air, 
the skin being responsible for most 
This is further 
evidence that at air temperatures of 
“) and 25°C., movement of air is a 
great factor in reducing evaporation 


of these 


during w 


differences. 


ork. 


lhe part played by evaporation of 
Water in aiding heat loss from the body 
(uring work 


was also studied. R. 


le nee : 
ie use of evaporation to a greater 
When clothed, 


‘tent than did P. 
ary and still air at 25°C., 


R. lost 


* evaporation over 60 per cent. of 


y 
itt? 


? 
L1}) Ving 


g air at 20°C. 


excess heat produced at work. 
, Subject P. did 


‘ Use evaporation of weber from the 


difference otherwise with regard to 
skin or subcutaneous fat. R.’s resting 
metabolism was about 90 calories per 
hour; he was 19.5 years of age and 
about 171 cm. in height, weighed 
about 64 kg., and had a surface area 
of 1.75 sq.m. P. was 36 years of age 
and had a resting metabolism of about 
75 calories per hour; his height was 
about 163 cm., his weight about 56 
kg., and his surface area about 1.59 
sq.m. The ratio of surface to weight 


was much the same for both subjects. 
The greater surface area in subject R. 
may have been responsible in part 
for the differences observed in amount 
Subject R 


of water evaporated. 
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appeared to do the work with greater 
efficiency than subject P.; P. was 
shorter in stature, particularly with 
regard to the legs. 


Comfort 


There were no great differences 
between P. and R. as to feelings of 
comfort, although R. had a higher 
water evaporation from the skin that 
did P. At 10° and 15°C. under 
moving air both subjects were un- 
comfortably cold not only when almost 
naked but also when very lightly 
clothed, and the fan had often to be 
stopped. Under the conditions speci- 
fied, as long as the dry kata-thermom- 
eter cooling power was between 4 
and 14 millicalories per square centi- 
meter per second the subjects were 
fairly comfortable. Table 7 gives 
details of the feelings and cooling 
powers. Comfort is designated by a 
plus (+) sign, discomfort by a minus 
(—) sign. The sign plus over minus 
(+) indicates local discomfort, such 
as cold hands, or a clammy hot feeling 
more or less localized, as under the 
armpits. If very light clothing is 
worn, there is thus a very wide range 
of atmospheric conditions over which 
subjects may be fairly comfortable 
while performing moderate muscular 
work. In still air when the subjects 
were either naked or lightly clothed, 
the work could be done agreeably at 
10°, 15°, and 20°C., although on one 
or two oceasions at 10°C. the hands 
were cold. A temperature of 25°C, 
was too hot in still air, but both 20° 
and 25°C. were fairly comfortable in 
moving air. Our clothed subjects 
were very lightly clothed, with shirt 
open at the neck and sleeves rolled 


up. Such light clothing is suitable 
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for indoor muscular work, and peopl. 
clothed for winter out-of-door oe: 
tions should not perform mugcy),, 
work indoors with such heavy cloth. 
ing. There is a wide range of coy, 
tions for comfort during moderns: 
work at ordinary temperatures if ¢), 
is not overclothed, because of 4), 
possible variations in heat loss fie 
the exposed skin by physical means 
Using about the same air velocity, j(y 
feet per minute, Vernon (6) found the: 
in the unclothed or the very light}; 
clothed body such an air current. « 
contrasted with still air, caused ay 
extra cooling corresponding to 
lowering of the air temperature by 2 
to 4°F., while in the warmly clad bod 
it corresponded to a lowering of only 
al 

Vernon and Bedford (7) recon. 
mended a cooling power of 7 in winter 
and 6 in summer for workers doing 
light and sedentary work. Our sul: 
jects performed rather harder work 
than this and were more lightly clad 
than the average worker. Perhap: 
the clothes worn by an average indus 
trial worker under ordinary condition 
would weigh about 3 kg. We hav 
therefore made some further observe 
tions with subject P. in ordinary 
clothes—weight 2.8 kg.—working © 
the ergometer at 20°C.; the wate 
evaporation from the skin was 
creased by these heavier clothe: 
which consisted of laboratory overs. 
cotton shirt, light cotton vest, lig! 
woolen knickers, flannel trousers, s0¢** 
and shoes. The subject was rat)” 
warm in still air with this heav’ 
clothing and the amount of wat’ 
evaporated was increased from 4’ 
20 gm. per hour with the light cloth" 
to 81 gm. with the heavier clot!” 
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skin and lungs, heat production, and 
heat loss have been studied in two 
nearly naked and two very lightly 
clothed subjects working on an 
ergometer (12,150 kilogrammeters per 
hour) and walking on a conveyor 
(5,400 meters per hour), while they 
were exposed to dry bulb temperatures 
at about 10°, 15°, 20°, and 25°C., 
with still and moving air, and with 
relatively dry and moist atmospheres. 

The cooling effect of wind caused a 
decrease in pulse rate. An increase in 
pulse rate was observed in the lightly 
clothed subjects working in moist 
still air, as the temperature increased 
from 10° to 25°C. At 20° and 25°C., 
there was an increase in pulse rate of 
about 20 beats per minute over the 
values for resting subjects, the increase 
being greatest under the warmest 
conditions studied, 7.e., in the lightly 
clothed subjeets working in moist air. 

sroadly speaking, cheek tempera- 
tures showed a linear relationship with 
the dry kata-thermometer cooling 
power, movement of air and air tem- 
perature being the chief controlling 
factors. ‘There was no great difference 
between cheek temperatures for resting 
and working subjects in still air at 20° 
and 25°C., perhaps because the amount 
of water evaporated from the cheek 
was increased during work and perhaps 
also, as Benedict and Parmenter have 
suggested, the circulation in the skin 
may have been lessened during work. 
Rectal temperatures as a rule, but not 
always, increased slightly, by 0.5 to 
1°F., during work at 25°C. 

With air temperatures of 20° and 
25°C. and the air still, the amount of 
water evaporated from the skin is, as a 
rule, much increased by moderate 
work, as compared with the value for 


rest; the average increase was, jy On 
case, as much as 146 gm. per hour 
the figures for rest and for work beinp 
30 gm. and 176 gm. per hour, respec. 
tively; the heat produced during wor': 
was three times that produced wij). 
at rest. There are variations jn ;),. 
response of different subjects yj:) 
regard to water evaporation. Duriyy 
work the amount of water evaporated 
from the skin in air at 10°C. was myc) 
the same as that in air at 15°C: jy 
still air at 20°C., it was usually much 
increased in one clothed subject, }y 
not in the other; at 25°C., both sy}. 
jects always showed a marked increas 
Removal of clothes during work 
reduced evaporation from the skin. 
and so did wind. In moist and moy- 
ing air at 10°, 15°, and 20°C., the 
amount from the skin was often nearly 
nil. At dry kata-thermometer cooling 
powers above 14 the water evaporation 
from the skin was reduced to a mini- 
mum, practically all the evaporation 
taking place in the lungs. One su!- 
ject used evaporation of water to 
removal of excess heat produced }\ 
work to a much greater extent than 
did the other subject who had 
slightly smaller surface area. The 
amounts of water evaporated from thie 
skin under the work specified varie: 
from nil for the coldest conditions t0 
240 gm. per hour under the warmes' 
conditions. | 
Greater use should be made ©! 
removal of clothing and movement ‘ 
air to render conditions comforts! | 
for indoor muscular workers. I! t! ; 
is done, there is a wide range 
atmospheric conditions above *"" 
below 15°C., under which comfort 
attained with moderate work. Ma" 
conditions giving dry kata-therme! 
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sep cooling powers between 4 and 14 
»illiealories per Square centimeter per 
oon were found to be suitable 
seeause of the possible variations 
» heat loss by physical means from 
je lightly clothed body. Cooling 
sonieen helow 4 are too hot, while 
sooling powers above 14 are too 
sold for very lightly clothed workers, 
performing the task specified. 


This research was suggested by Dr. 
Leonard Hill, F.R.S., to whom we 
have been indebted for encouragement 
and advice. We are indebted also 
to the subjects who submitted them- 
selves to the tests, and to Prof. 
Major Greenwood, F.R.S., for the 
correlation ratios. 
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BOOK REVIEW 


CGRuUNDZzUGE DER HyGreng. By Dr. med. et 
phil. Mar Eugling, a. o. Professor fiir 
Hygiene an der Universitit in Wien. 
Second, enlarged and revised edition. 
Paper. Pp. xiv, 426 with illustrations, 
bibliography, and index. Berlin and 
Vienna: Urban & Schwarzenberg, 1929. 


The book is a general treatise in the 
field of hygiene. It is divided 
ach one of 


into 
twenty-three sections, 
which considers specifie problems. 
The first eontains a short 
discussion of the chemical composition 
of air, its impurities (in the form of 
gases and dusts), moisture, condensa- 


seetion 


tion, atmospherie pressure, air veloci- 
ties, ete.; it ineludes further a good 
the experimental work 
which has been done on apparatus for 
In the 
second and third seetions, climate and 


review of 
making such measurements. 


the fundamentals of body heat are 
Section IV 
materials and 
presents a few suggestions relating to 


the subjects considered. 


deals with clothing 
the choice and cleansing of clothes. 


The physical and bacterial properties 


of soil are discussed in Seetion VI—a 
VIl 


and VIII have to do with the hygiene 


little over ten pages. Sections 


of water supply and food. 7 
hygiene of lodgings and building 
including the problems. of heajjy, 
ventilation, illumination, sewerare 
and disinfection, is discussed jn Oi 
tions IX through XIV. Muelh si, 
greatest part of the book is devoted ,, 
the hygienic aspects of microbiolov 
together with a systematic treativ. 
on disinfection. In contrast, the els) 
ters on social hygiene (hygiene | 
children, of youth, and of old peopl: 


{ 1*a 


tuberculosis, venereal diseases, aleohol. 
psychopathology, ete.) are restricted. 

The section on industrial hygiene j. 
very short. All consideration of in- 
dustrial diseases (dust, poisons, infee- 
tions) and their prevention is crowded! 
into eight pages. Problems of vener- 
eal and chronic diseases and chronic 
poisonings are again presented in (he 
section on while in 


race hygiene, 


addition is a short discussion of birth 
control and war the last 
section, the hygienic value of gymuas 
The hook 


contains a large bibliography and !oz 
illustrations.—Slephen Wei. 


losses. In 


tics and sports is treated. 























